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ABSTRACT 


Solutions of tetraamminepalladium(II) perchlorate were 
made up and analyzed. 

The following acid hydrolysis reactions of tetraammine- 
palladium(II) ion were studied by ultraviolet spectroscopy. 
First order rate constants were evaluated for each step of 
the reaction series at various temperatures. Activation para- 
meters were determined. 


k : ki k 
2+ 1 2+ 2: ; 2+ 3 
Pd(NH.,), ——> Pd(NH.,) ,0H, ——— cis-Pd(NH,)., (OH,), ———_> 


k 
2+ 4 2+ 
a _ = -~4 ~1 = -~4 
At T = 25°C, u = 1M : Ky = 11.010 sec °. kK, = 5.6x10 
Bec) nt. = 0.58x10 4 2 k, = 0.10x1077 Sea 5 


B 4 
Mechanisms for the consecutive reactions are proposed, and 


cis and trans effects are discussed. 
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i. NERO DUCTION 


A. GENERAL 

Palladium(II) is one of a group of metals with low spin, 
a® electronic configuration (others being Pt(II), Ni(II), Au 
ert), Rhi(l) and Ir(I)) which form square planar coordination 
complexes [Ref. 1]. The idea that the square planar config- 
uration was the form of such complexes was that of Werner 
[Ref. 1] who could not account for isomeric forms of dichloro- 
diammineplatinum(II) with a tetrahedral structure. Further 
evidence for a square planar configuration was the result of 
x-ray studies by Dickenson [Ref. 2] and dipole moment studies 
by Jensen [Ref. 2], along with much other experimental evi- 
dence regarding isomers. 

The reactions of the Square planar platinum complexes have 
been extensively studied [Ref. 3], and most conclusions for 
Square planar reactions have been based on the studies of the 
platinum complexes. It has been observed in the platinum 
studies [Ref. 1] that bimolecular substitution reactions pre- 
dominate. The rate law for such reactions has been determined 
to be: 

Rate = -d [substrate] /dt = (kK, + k,[¥]) [substrate] 
where kK, is the second order rate constant and refers to the 
bimolecular attack of Y on the substrate [Ref. 4]. 

The generally accepted transition state for the platinum 


reactions involves an associative type mechanism where the 





metal temporarily takes on five bonds in a trigonal bipyramid 
structure such as: 
rp 
SS an 
| 
oo) 
where T, X and Y are in one plane with the C,-C, axis perpen- 
fmeubar to it. 

These same conclusions have been found to apply to the 
other square planar ae systems, Palladium(II) in particular 
[Ref. 4]. It has been found that platinum complexes are sub- 
Stitution inert, that is their reactions are quite slow. 
Pearson and Johnson [Ref. 5] have concluded in their studies 
ope Pd(acac), (acac = acetylacetonate) that there are basic 
Similarities in the reactions of palladium and platinum com- 
plexes. Basolo, Grey and Pearson have found that the reac- 
tions of palladium complexes are about TO times faster than 


those of platinum [Ref. 6]. 


B. TETRAAMMINEPALLADIUM (IL) 

The preparation of tetraamminepalladium(II) chloride by 
H. Muller is described in Mellor's Comprehensive Treatise On 
Inorganic and Theoretical Chemistry [Ref. 7] where the physi- 
cal properties of the monohydrate crystal are discussed. 

In previous work it has been determined that tetraammine- 
palladium(II) will undergo consecutive substitution reactions 
in the presence of excess acid. If a nucleophilic reagent is 


available, such as chloride ion, the two term rate law is 





observed to hold as it does for most other square planar com- 
plexes, rate = -d[substrate]/dt = (k, + k,[Y]) [substrate] where 
Y is the substituting reagent. Results of the reactions of 
tetraamminepalladium(II) with chloride are found in the 
literature [Refs. 8, 9]. 

There has also been some work done on the reaction of 
tetraamminepalladium(II) with excess acid in the absence of 
any nucleophilic reagent other than the solvent. Reference 
is made specifically to the works of Coe et al and Rasmussen 
and J¢rgensen [Refs. 9, 10]. Both of these works report that 
the reaction iS a consecutive reaction of at least two steps. 
The values of the rate constants for the first two Steps are 
evaluated by Rasmussen and Jorgensen by pH titration methods. 
Seewee al determined the rate constant for the first step by 
initial absorbance gradient techniques. YThe appiicable rate 
law was found to be, rate = -d[substrate]/dt = k, [substrate], 
weere k- should be equal to the k 


di aE 


for the first step in the reaction involving a nucleophilic 


in the two term rate law 


pemenee coe et al report spectral changes of a reacting 
mixture of 0.001M tetraamminepalladium(II) perchlorate with 
0.01M perchloric acid, over a time scale of ninety minutes. 
These scans agree with scans oe bye cals auEhor oiea re 
acting mixture of 0.005M tetraamminepalladium(II) perchlorate 
mwarety IM perchloric acid in a one-cm cell, except that Coe et al 
report that the infinite time spectrum resembles the spectrum 
of diaquodiamminepalladium(II), whereas the infinite time 
Spectrum taken by this author resembles that of tetraaquo- 


palladium(II) [Ref. 10]. Additional evidence of the reaction 
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going to the tetraaquoO ion is that sbout two weeks after a 
run, the reaction solution had minute traces of a brown pre- 
cipitate in it. This obsServation compares with that of 
Rasmussen and Jorgensen regarding solutions of tetraaquo- 
palladium(II) ion [Ref. 10]. 

The objective of this present study was the investigation 
of the stepwise interaction of tetraamminepalladium(II) ion 
with excess acid for the purpose of evaluating rate constants 
and Sees Sn parameters. The reactions were followed 
spectrophotometrically and the rate constants were evaluated 
from absorbance data. 

mretivee work it was found at 25°C that, in most cases, 
the kinetic runs revealed three rate constants, the largest 
of which was on the order of the rate constants determined by 
Poweeeal and assigned by Rasmussen and Jérgengen to be the 
rate of the first step, and the next largest on the order 
of the rate constant determined by Rasmussen and J¢rgensen, 
to be the rate of the second step in the substitution Series. 
The smallest values obtained from these kinetic runs was evi- 
dently the result of an additional replacement step. When the 
reaction was carried out at 50°C, the reaction was found to go 
completely to the tetraaquo ion. However, at this temperature, 
the largest constant that was extracted from the data was 
determined to be that for the second step in the replacement 
sequence. It was found that at any given temperature, at 
most three rate constants could be extracted. All the rate 
constants evaluated in this study are listed in Table II and 


specific values of these rate constants at various 


HL IL 





temperatures along with activation parameters are given in 


Table IV. 
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if, EXPERIMENTAL 


A. MATERIALS 

All materials in this research, except the palladium com- 
plexes, were reagent grade and used without further purifica- 
tion. Sodium tetrachloropalladate was obtained from Alpha 
imorganics Pd1l08 lot 02218. 

Solutions of tetraamminepalladium(II) perchlorate were 
formed from the corresponding solutions of tetraamminepalla- 
dium(II) chloride by adding the equivalent amount of silver 
perchlorate to remove chloride from the system. The tetram- 
mMinepalladium(II) chloride solution was prepared in essential- 
ieee sce Wenner G@escribed by Reinhardt et al [Ref. 11]. 
Sodium tetracnloropalladate was dissolved in excess aqueous 
ammonia forming a solution of tetraamminepalladium(II) chlo- 
free which was puriiLed by precipitation as trans- 
dichlorodiamminepalladium(II). This precipitate was then 
dissolved in excess aqueous ammonia and tetramminepalladium 
(II) chloride monohydrate was crystallized Sane noe ton: 
Solutions of tetraamminepalladium(II) chloride were prepared 
fpeme tiese crystals. Details of the synthesis follow. 

1. Preparation of trans-Dichlorodiamminepalladium(ITI) 

Approximately 2.5 grams of Na,Pdcl, were dissolved in 
distilled water. Concentrated aqueous ammonia was added to 
this solution until the pink salts (presumably Vauquelin's 
salt, [Pa (NH) 43 [PdCl,]) which were formed, redissolved. The 


solution was then placed in an ice bath and concentrated 


1S 





hydrochloric acid was added slowly until the solution was 
Slightly acidic, at which point a yellow precipitate was 
formed. This precipitate (trans-dichlorodiamminepalladium 
(II)) was separated, washed in ice water and ethanol, and 


allowed to air dry. 


2. Preparation of Tetraamminepalladium(II) Chloride 
Monohydrate 


The trans-dichlorodiamminepalladium(II) was dissolved 
in concentrated aqueous ammonia and left to evaporate at room 
temperature. Long colorless needles (Pd(NH,) ,Cl..H,0) inter- 
spersed with a fine yellow crystalline material (presumably 
trans-dichlorodiammine) remained. About 1.3 grams of phiese 
crystals were dissolved in 100ml pe waeee, and the resulting 
tetraamminepalladium(II) chloride solution was filtered to 


remove any insoluble impurities. 


3. Preparation of Aqueous Tetraamminepalladium(II) 
Perchlorate .Solutions 


Since the kinetics were to be investigated in the 
absence of chloride, the Bits ae had to be removed. This 
was done by the addition of an equivalent amount of silver 
perchlorate to the solution, which precipitated silver chlo- 
ride. The equivalent amount of silver perchlorate was 
determined as follows: An approximately O0.1M solution of 
Silver perchlorate was made up and was titrated against four 
5ml aliquots of the tetraamminepalladium(II) chloride solu- 
tion using Fajans method [Ref. 12]. The equivalent amount 
of silver perchlorate was calculated and added to the remain- 


ing tetraamminepalladium(II) chloride solution which was then 


14 





filtered repeatedly to remove all of the silver chloride and 
diluted to a total volume of 250ml. To a small amount of 
this solution (Pd(NH) ,(C10,).,) some Silver perchlorate was 
added to test for the presence of chloride. This test was 


negative. 


B. ANALYSIS OF TETRAAMMINEPALLADIUM(II) PERCHLORATE SOLUTION 
For tne determination of palladium in a solution of 
roughly 0.015M Pd(NH 


(C10,) 5, the precipitation of palladium 


3)4 
aS a Salt of dimethylglyoxime was used essentially as out- 
lined in Treadwell and Hall [Ref. 13]. Four ml of this solu- 
tion were pipetted into a beaker and three ml of 13% 
dimethylglyoxime in 95% ethanol were added to this. The 
.sOlution was diluted to about 75ml with water, and acetic 
acid was added to precipitate bis (dimethylglyoximato) val- 
ladium(II). This precipitate was collected, dried at 110°C, 
and weighed. From this the concentration of palladium(ITI) 
in solution was determined. 

Ammonia in the solution was analyzed by the Kjeldahl 
method [Ref. 12]. A solution which gave a palladium arene ele 


by the dimethylglyoxime method of 0.0151M was determined to 


contain 0.0602M ammonia (corresponding to 0.0150M Pd). 


C. HOQULPMENT 

Spectral scans were taken on a Beckman model DB record- 
ing spectrophotometer, utilizing both four- and one-cm silica 
cells. No provisions were made for thermostatting the cell 


compartment. Spectrophotometric kinetic data were taken on 


i> 





a Beckman model DU spectrophotometer equipped with a thermo- 
Statted cell holder. Fused silica ten-cm cells were used 
initially for 25°C runs. For runs of higher temperatures, 
One-cm Silica cells were used and the spectrophotometer was 
adapted with a one-cm cell holder and Beckman thermospacers. 
The temperature was monitored by a copper-constantan thermo- 
couple with an ice bath cold junction, placed on the cell 
holder. A Varian G-4000 millivolt recorder was used to re- 
cord the temperature throughout a run. Kinetic data were 
also taken on a Beckman model DK 1A recording spectrophoto- 
meter equipped with a Beckman electrically controlled 
thermostatted cell holder. To maintain the temperature more 
precisely, a hot water bath, was used to circulate hot water 
through the cell holder. The temperature was monitored by a 
copper-constantan thermocouple with an ice bath cold junction 
in conjunction with the Varian G-4000 millivolt recorder. IR 
spectra were run on Perkin-Elmer 337 and 621 grating spectro- 
photometers with samples in KBr disc form. Analog computer 


data were obtained using a Comcor CI 5000 computer. 


D. KINETIC RUNS 

The kinetics of the acid hydrolysis reaction of tetra- 
aWinepalladium (12) ion were studied by observing the change 
in absorbance with time. All runs were done at constant 
ionic strength of w=l maintained with perchloric acid. For 
preliminary kinetic scans on the DB spectrophotometer, 10ml 


of 0.051M Pd(NH 4 (C10,) 5 were mixed with’ 100ml of 


3) 
1. HC1O , at ambient temperature. At various intervals 
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an aliquot of the reacting solution was removed, scanned 
and the spectral changes observed. For later runs, the re- 
action was run in a thermostatted water bath and aliquots 
were quenched in an ice bath before being scanned. 

For most of the DU Kinetic runs at 25°C, ten-cm fused 
Silica cells were used for the reaction. Into both the 
sample and reference cells were pipetted 26ml of 1.040M per- 
chioric acid. After thermal equilibrium was established, one 
ml of 0.012M Pa (NH,) 4" solution waS injected into the cell 
with a one ml hypodermic syringe fitted with a Spee hypo- 
dermic needle. The palladium solution was forcefully inject- 
ed into the perchloric acid solution over a time.span of less 
than two seconds. Complete mixing was almost instantaneous 
when using one-cm cells and was less than thirty seconds when 
using ten-cm cells. A timer was started as soon as the 
“syringe was emptied, and the first absorbance reading was made 
ee gqurekly as possible. Most of the other absorbance read- 
ings were taken at intervals of 50 or 100 seconds. 

Higher temperature runs were made with one-cm silica 
cells by pipetting two-ml of 1.50 M perchloric acid into both 
the sample and reference cells. One ml of water was added 
to the reference cell. After thermal equilibrium had been 
obtained, one ml of 0.015M Pd(NH,)4— solution (which was kept 
at the temperature of the reaction) was injected into the per- 
chloric acid in the Sample cell. Absorbance readings were then 
taken at certain intervals. An identical procedure was used 


for DK 1A runs except that it was not necessary to take 
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absorbance readings, since the change in absorbance was 


continuously recorded. 
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III. TREATMENT OF DATA AND RESULTS 


A. DETERMINATION OF RATE CONSTANTS 
1. Preliminary Investigations 
Initial investigations of the change in spectral 
scans of a reaction mixture with time indicate that the re- 
action does not follow simple first order kinetics, but that 
the acid hydrolysis is probably a stepwise consecutive reac- 
tion of the following type: 


K, Kk, ks Ky 
A —~8B ——> CC —— D —PO E 


The complete scheme would be followed if each ammonia ligand 


is consecutively replaced by a water molecule: 


k k 
2+ 1 e 2+ 2 “2 ~~ a 2+ 3 
Pd (NH, id Pd (OH, ) (NH, ) 3 ——> Pd (OH. ) 5 (NH) —> 


k 
ge 4 2+ 
Pd (OH, ) 3 (NH) ——» Pd (OH. ) 4 


In general, it was found that at 25°C the kinetic runs re- 
vealed three rate constants, presumably those for the first 
three steps in the overall reaction scheme. Likewise at 
higher temperatures, three rate constants were also general- 
ly observed, presumably those for the last three steps in the 
reaction scheme. These observations were due to the fact 
that at low temperatures, the slowest step had a half life 
much greater than the time over which the run was carried out, 
and at higher temperatures the fastest step had a half life 


on the same order of magnitude as the sampling period. 


ike, 





2. General Kinetic Consideraticns 
Based on the previous observations it is possible to 
consider at any given temperature, the above consecutive re- 
action occurring via three steps, 


Ky Kk, K3 


A —B—> C—=>D 
For such a reaction the system of differential equations may 


be given for each species as follows [Ref. 14]: 





-AaA _ 
co _ 
(2) 1 = Ky A Ko B 
ane. .. Za 
(3) Aa. kK, B K 3 c 
GD) _ 
(4) a Kk c 
Solving equations (1) - (3) for concentration of each species, 
one obtains: 
-k,t 
(5) ee: 
A_k = 1 Rie 
(6) B= ~22(e * -e 7) 
2 
| 1 k,t Skee “k3t | sone 
(7) Cc = 2 oO =) -e ,@é 2 — 
me. coe Bre 


Making the following identifications [Ref. 14] 


(8) a =e 


(9) b = X(e -e ) 
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ake 1° “kot “kt 
(10) c¢ = XY |(k,-k,)e - (k,-k,)e + (ky-k,)e 
(iL) da — l—a-b=—c 
where 
a = A/A, 
b = B/A, 
c = C/A, 
x = 2 
earl 
y= =a 
Sg a) acl 
and 
(12) e = ea + e,b + ec eel 
where 
e = absorbance per cm divided by total concentration 
e, = molar absorptivity of the sie species 
Se. —- ee lar abGorptivity at infinite time. 


One obtains by substitution of equations (8)-(11) into 


equation (12): 


_ “k,t “kot “k,t 
(13) <-ea> I,e + Ine + I,¢ 
where 
Ty = [ (e,-e,,) (ep) x + (e,-e,,) (K3-k5) XY] 
I, = ~[(e,-e,,)% + (e,-e,,) (k3-k)) X¥] 
I, = [ (e,-e,,) (ko -k)) XY] 


1G Kk 1s arbitrarily chosen as the rate constant for the 


Slowest step, the following is obtained: 
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tr, _~'Ko-k3)t 
— 


In 
+ 


(14) ln (e-e,) = Int, - kt + i 2 


rd 


S 


eee re 
1 Or 
ae 


At long times, the last terms on the right hand side of equa- 
tion (14) become negligible and a plot of In(e-e,) versus 
time should be linear with slope of -k, and intercept InT,. 
The rate constants kK, and Ky could be extracted from this 
equation by following the method used by Ashley and Hamm 
{[Ref. 15] of extrapolating the linear portion to zero time, 


and plotting the difference between the extrapolated line and 


the nonlinear experimental points. This resultS again in a 
linear and nonlinear portion. The linear portion has slope 
“ks and intercept InI,. The same procedure is repeated, 


yielding “ky and InI,. Figure (1) is an example of this plot. 
The Guggenheim method of analysis [Ref. 14] was used 
in some cases where infinity readings were difficult to ob- 
Weim. Por these cases, ln eo aw, was plotted versus time 
Where A is a fixed interval of time usually greater thian 
twice the half life of the step in question. The rest of the 
analysis follows the same method previously outlined. 
For a few runs, a computer program [Ref. 16] based 
on a nonlinear least squares fit was used to determine rate 
Gemsteants from the raw data. In this program, which utilized 
a Wang 700 computer, absorbance and time data as well as es- 


Eime@wes Of the rate constants and infinite absorbance, if 


eZ 





iO Figure l. 
Plot log(A.—-A)vs time 












Run DU-9.- 

T=. 25 

A = 360nm ai “al 
ky = 10.97 X 10 : Sec 
k, = jo eeOmase C 

re) (A_-A) data 


x< 








available, were entered into the program. Based on these 
Patimates of the rate constants, the program calculated the 
root mean square deviation of equation (13) from the data 
points. The faster Hse constant was then varied with the 
others held constant and the value of the rate constant 
which yielded the least deviation was established. The next 
faster rate constant was now varied to try to obtain the 
least deviation. With this value fixed, the faster rate con- 
stant waS again varied to try to find a value which would 
yield an even smaller deviation. If this yielded a different 
value for the faster cormstant, this value was held constant 
and the process was repeated until the changes in the rate 
constants were less than experimental error. The slowest 
ieee constant was then varied with the others fixed to give 
the least deviation. With the best value for this constant 
the other rate constants were varied to obtain the least de- 
viation. This process was repeated until the value of all 
rate constants gave the least deviation from the experimental 
Beimts. These rate constants were nen considered the best. 


ones for a given set of data. 


B. METHODS USED ro CHECK AND ASSIGN RATE CONSTANTS 

After rate constants were determined by the previously 
outlined methods, it was desirable to check the accuracy of 
these rate constants. One method used was a computer program 
[Ref. 16] which involved the use of a Hewlett Packard desk 
calculator model 9120A ae plotter package. This program 


plotted the data points and utilized the rate constants and 
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PicereGepes derived from the rate plots to plot a curve, based 
on equation (13), where I is to be identified with the inter- 
cept for a given step. For this analysis, e was the absorb- 
ance at time t, e, was the assumed absorbance at infinite 


time or the equivalent in Guggenheim analysis Crea Since 


the data points e-e, or e-e 


tea Were plotted on the same graph 


aS the curve based on the derived constants, it was possible 

to determine, at least qualitatively, the accuracy of the de- 
rived constants in terms of the data for a given kinetic run. 
The interdependence of the intercepts on the rate constants 
marine rate constants on each other made “curve fitting” 
impractical by this method. However, if there was a discrep- 
ancy in the fit, it was possible to reanalyze the rate plot 

in terms of the observed discrepancy. Figure (2) is an example 
of these plots. 

The methods used to determine the rate constants yielded 
them in order from the slower rates through the faster ones. 
These methods did not allow one to assign a particular rate 
constant to a particular step in the overall reaction scheme. 
Because of this, a method was needed that would enable one 
logically to assign the rate constants to the reaction steps. 
The initial gradient method of analysis used by Coe et al 
[Ref. 9] for the aquation of tetraamminepalladium(II) 1s gen- 
erally regarded as best being able to determine the first rate 
constant in a series reaction. In addition, Reinhardt et al 
determined through careful analysis of isosbestic conditions 
\Pegeec, 17) the rate constant for the chloride independent 
path of the reaction of tetraamminepalladium(II) chloride 
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with hydrochloric acid. The fastest rate constant observed 
by this author agreed substantially with those values for the 
fest Step as determined independently by Coe et al, and 
Reinhardt, et al. 

From equation (13) and the expression for 
I, (T,=(e.-e,) (kK, -k, ) XY) it may be seen that at a wavelength 
where OF s the entire coefficient I, is equal to zero, and 
equation I, reduces to 


2) oe I,e + I5e 


A comparison at a given temperature of kinetic runs at the 
wavelength where the above isosbestic condition holds and 
some other wavelength should enable one to determine which 
rate constant to associate with the step involving the isos- 
bestic condition. The problem of asSigning the two remaining 
constants was solved by simulating the reaction scheme on an 
analog computer [Ref. 8]. The diagram for the analog simule- 
tion circuit is given in Fig. (3). The rate constants were 
asSigned to particular reaction steps in the analog computer 
circuit where they were simulated by potentiometer settings. 
Five outputs from the circuit, which were recorded simulta- 
neously, represented the change in concentration of species 
A, B, C, D and E in the reaction scheme given in Section III, 
A-l with respect to time. Since the absorbance of the qane 
Species is given by: 


he = e 57a 
r BL dk 


Ee 


where e; is the molar absorptivity of the i Species at a 


given wavelength, C is the molar concentration and d is the 
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path length; it is possible to calculate the absorbance at a 
given wavelength, knowing the molar absorptivity and concen- 
tration and assuming d=l. Also, the average absorbance A at 
a given wavelength is given by [Ref. 17]: 

A = C 


aca + Cea + Coe oO + SHED + Caen 


The molar absorptivities for the species, Pd(NH,)4", 


eet 


2+ 2+ ; 
Pd (OH (NH) 5 : Pd (OH.) ,NH, , and Pd(OH,) , were published 


2)2 
by Rasmussen and Jdrgensen [Ref. 10], over wavelengths from 


about 280nm to 400nm. Missing from the data by Rasmussen and 


2+ 
3)30H, - 


Since the wavelength for the absorbance maximum for this spe- 


Jérgensen are the molar absorptivities for Pd(NH 


cies is given, this author arbitrarily chose the molar absorp- 
tivity of this species to be 210 at 320nm. The absorptivities 
at other wavelengths were found by interpolating between tnis 
maximum and the curve in Rasmussen and Jdrgensen's Fig. 4 
ieee. 10) Vabel@d n = 2.95. THe values of this interpolation 
along with the rest of the data ima are given in Table I. 
Using the data given in Table I along with the analog com- 
puter concentration ea, the average absorbance data of the 
reacting species were calculated over the range of wavelengths 
from 280nm to 400nm for several different times. A Fortran 

IV program, written by this author, was used to calculate this 
Ginfermation on an IBM 360 computer. A plot of this informa- 
tion resulted in scans over the range of wavelengths for 
different times. These calculated scans were compared with 


actual scans of the reaction from the DB spectrophotometer 
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and the assignment of rate constants was based on their 
comparison. 

As an additional check of one proper assignment of rate 
constants, the concentration of Pd (OH,), (NH) 5" was roughly 
determined at various times during the course of the reaction. 


This was accomplished by adding chloride ion to a reacting 


solution 0.057M in palladium and 1M in perchloric acid (at 


37° C). The chloride ion should react with any species in 
the reacting solution as follows: (Rate constants are 
a 1. =k 


10°M “sec OPis 


eno 30S 
ae 


i Pd(NH,)4" ell Pd (NH,) C1", + eile 


trans-Pd (NH). (Cl,) 


2. Pd (OH,) (NH) 5° fg cl” =85§ pa(nu,) ,cl* + cy 730-8, 


trans-Pd(NH,),Cl. 


fast 


Feiciis=Pa (on (NH) 5° + 2c1°=85§ cis-pd(NH,),Cl 


2)2 va 


Pret. 98). 
The anation of the aquo species in reactions 2 and 3 1S con- 


Sidered to be quite fast. Aprile and Martin [Ref. 19] give 


+4 


the corresponding rate of anation of Pt (NH bye! 


6 
as Nemo sec at 25°C. Considering that the relative re- 
5 


(OH) 
activities of Pd to Pt is about 10° [Ref. 6], the 
corresponding rate of anation for the palladium case should 
be about Mesa at 25°C. Thus it can be seen that the 
Overall rate of reaction 3 iS greater than the rate of re- 
ae@tiom 2 is greater than reaction 1. Also, reactions 1 and 


2 yield trans isomers while reaction 3 yields cis isomer. 
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The addition of chloride should yield a precipitate [Ref. 
20). If this precipitate is filtered off immediately after 
it is formed it should be a rough measure of the concentration 
of Pd(OH,), (NH,)5°. Metviciling, ACCOradIng GO GCattations 1, 2, 
and 3, above, and the discussion of the rates of these reac- 
tions, any immediate precipitate should be due to equation 3 
and the product should be cis-Pd(NH3).,Cl., while another pre- 
SreaeacioOn, should occur at a later time and should be trans- 
Pd(NH.,),Cl.. It was anticipated that the actual yield of 
cis-Pd(NH,),Cl., would be less than the concentration of cis- 
Pd(OH,).(NH),°", Since the reaction of cis-Pd(NH,).,Cl, with 
chloride ion in acid is substantial [Ref. 21]. The approximate 


concentration of cis-Pd(OH (NH) 5" determined by this method 


2)2 
May be compared with the concentrations using a particular 
assignment for the rate constants. A favorable comparison 
would indicate the proper choice for the assignment of ke and 
Kk. (This analysis would not determine anything about rate 
constants Ky and Kos however Since interchanging these two 
constants has no effect on the concentration of 
diaquodiammine. ) 

An experiment designed to determine the relative abundance 
Persons PMpuUritves in the cis=-dichlorodiammine precipitate 
was attempted, based on the differential rates of reaction of 


cis and trans species in HCl. The findings however, were in- 


Cenc )wsive. 
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me KENETPIC RESULTS 
1. Rate Constants 
Table II summarizes the results of the kinetic runs 
done on the DU and DK 1A spectrophotometers and analyzed as 
outlined previously in Section Iii, A2. The results are also 
plotted in Fig. (4) to show the temperature dependence of ln k. 
The plot of ln k vs 1/T yielded the Arrhenius activation 
energy, which was used to estimate the activation parameters. 
7. “aoomoumemesOL RaterComstants to Reaction Steps 
As indicated previously in Section III, B, the largest 
rate constant was assigned to the first step in the reaction 
on the basis of previous results. From the dependence of 
Rates on wavelength the smallest constant was assigned to the 
ast Step. From Fig. 4 in Rasmussen and Jdrgensen [Ref. 10] 
it was seen that e, =e 


Cc CO 
the molar absorptivity of Pd(OH 


at about 396nm where e, represents 


2 


>) 3 (NH) , and €, represents 


the abSorbance at infinite time, which corresponds to the mo- 


mare absorbtivity of Pd(NH,)4°- Thus at this wavelength, the 


ot ee 2 
9) 3NH,—+Pd(0H,) % 


should not be seen, aS explained in Section III, B. By com- 


rate constant for the reaction step Pd(OH 


pawamg runs at this wavelength with runs at other wavelengths, 
it was found that this step corresponded to the smallest 
eonstant. 

The results of adding chloride ion to a reacting sol- 
i. and HC10, are shown in Fig. |. Sene 
Pd(NH,).Cl. Emkeored out swasefound ito be the cis-isomer by 


Minion Of Pd (NH) 


the characteristic IR absorbtion band at 1260 ae which 1S 





TABLE II 
KINETIC RUNS 


mie ex 10°* sec. ~ 


mmerwruns + .25ewith electrically heated thermostat 


Run No. me .1°C nm) Analysis® k k k k 

as 1 2 S 4 
DU 2 25 300 A=10,000 Or. 96 95>. 75 78 
DU 2 25 300 A=5,000 1a Soo ano 9 
DU 3 25 300 A=5,000 Sey 2 ae 3 
DU 5 25 305 A=2,500 Oi 6.5 woo 
DU 7 25 310 Boo Tle: a> 
DU 6 25 310 A=2,500 9.28 6.63 64 
By 9 25 360 Aico 10.97 “42979 
DU 10 50 3ak0 Roo 76.1 oe Dao 
pU V1 50 320 Aco 6.14 eo2 
DU 11 50 320 A=5,000 70.8 8.65 Wows 
DU 15 55 a2 5 A=5 ,000 15.4 3.15 
Be 13 55 340 A=5,C000 76.8 24557 Pao 
DU 14 BS 350 A=5 ,000 98 15755 Pa tose) 
DU 14 ye 350 Aico Tats) 
DU 16 62.8 325 Roo 31/205 7.49 
DU 17 62.8 325 ‘Boo ‘alee eun 8.01 
py 18 eine 350 ha270 010 41.50 Vos 
BU 19 63.2 350 Aico 34263 Tne 
DK 1A 22 38.8 ale Wang Memos. 2.0 
BK IA 22 38.8 310 Ao Ser 44ers. 27 21k 
Pe JA 21 38.8 350 Aco 48.5 2 Aro 
BK 1A 23 38.8 396 Aco VO.7 7 2954 520 
Pe IA 24 38.8 400 Aco 7 el! Bae 
DK 1A 24 38.8 400 Wang 15.46 2.8 
DK 1A 25 40 ByL10 Avo Son OS weelkoe, 5 7 AA 
DK 1A 26 40 396 Avo 2205 66074 
DK 1A 26 40 396 Wang 15S) 7) 4.57 


“A Refers to delta in Guggenheim analysis. 
Ao Indicates plot of log A-Aw vs t. 


Wang Indicates the nonlinear least square program analysis. 
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TABLE II--Continued 


fail k x 10*4 sec. = 


70°C runs + .25 with electrically heated thermostat 


a 








Run No. T+.1°C A(nm) Analysis Ky kK. kK, 
PRK JA 27 £50 328 Roo 7.84 
Pe JA 28 £50 396 oo GSerc? ie. 3 
ie IA 29 58.5 300 Aco fo. 2 621A 
me IA 29 «458.5 300 Wang 1900 25% 2 
DK 1A 30 59.7 360 Aco 660. 194.8 

DK 1A 31 59.7 380 Aco 214.0 38..0 
me IA 32 59.7 400 Aco 1.7) ees SAS 
Pr IA 33 59.8 420 Aco 40.4 
DK 1A 34 66.4 S25 Ao G5 aL 
Be JA 35 67.6 310 Aco 384 Tae. @ 
DK 1A 36 70 .- 340 Aco ; 
BP. IA 37 8670 320 Ac 640 LaepenS 
mR 1A 38 70 396 Ao 111.6 
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absent in the trans isomer [Ref. 20]. A precipitate formed 

in the filtrate of the solution and this was determined to 

be the trans-isomer. At each time, 3ml of reacting solution 
were removed for determination. aula (5) shows that the con- 
Beeracvon Of cis-dichlorodiammine is less than the concentra- 
tion of cis-diaquodiammine, as would be expected. Also, the 
curve based on the asSignment of ky 1s greater than kK. best 
approximates the experimental concentration data. 

The rate constants at 25°C as determined by the plot 
of ln k vs. temperature were used in the analog computer to 
obtain concentrations . Eunecions of time. These data to- 
gether with the molar absorptivity data from Rasmussen and 
Jdrgensen [Ref. 10] listed in Table I, were used to plot 
absorbance vs. wavelength scans at various times. The assign- 
ments of the rate constants were permuted in a logical manner 
and the scans for these permutations were calculated. AS can 


be seen from Table III, the assignment of the rate constants 


as follows, is in best agreement with the actual scan at 25°C: 


=A -4 
Ret 1 sOx 10 kKe=5 6x 0 
2+ it 2+ 2 
—— > 
Pd (NH) 4 Pd (OH,) (NH) 3 | =. ae ve 


-4 — 
. 2+ K~=0. 58x10 2+ k,=0.10x10 
cis Pd (OH) 5 (NH) 5 ais ——> Pd(OH.,) ,NH, oe Ee Bees 


ot 
Pd (OH, ) : 


ow 
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TABBE EIl 


WAVELENGTH FOR OCCURRENCE OF ABSORPTION MAXIMA 
FOR EXPERIMENTAL AND CALCULATED RATE SCANS 





T = 25°C w=l 


Time Sec. Experimental Order 1° order 2° Order 3° Order 4° 


DB Scans 
500 305 302 300 300 300 
1000 314 313 807 310 805 
2000 325 326 317 S17 318 
3000 336 Bhs) 5 328 320 335 
4000 340 336 330 320 338 
5000 344 340 336 320 340 
10,000 348 344 340 B22 342 
15,000 6)5).0) 347 340 324 345 
20,000 348 340 325 346 
30,000 352 340 Sonu 346 
40,000 358 340 355 350 
50,6606 359 34 348 2510 
60,000 360 360 344 355 350 
80 ,000 366 366 344 358 360 
100,000 368 368 344 362 363 
“order 10"k, sec” 10"k,sec~ 10"k,sec~ 10°k ,sec 
nl 1s 6. 5a 6 Or5°0 Oram 
2 11.0 56 Or) 0.58 
3 0 0.58 ByG 0) Oe al: 
4 05.6 Pie0 0.58 Ora 
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TABLE IV 


RATE CONSTANTS AND ACTIVATION PARAMETERS 


T°C MW Resco lo eee lo kee Moe seen 
ck 2 2 4 
15 4.9” 
20 55 
Ae 3. 
4.0° il 
25 jigoge 0.58 emo? 
nL 0 : 
13.7° 
og 
40 80 21 3.4 Oasis 
AH* kcal./mol IG, 19 ry: DI, 
AS* eu +8 -9 =A -8 
¢ values extrapolated from Fig. (4). 
b Reference [9]. 
S Reference [10]. 
a 


Reference [8]. 
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Iv. (Di Scuscien 


A. GENERAL CONSIDERATIONS 

It may be noticed from Table II for the kinetic runs and 
Fig. (4) the plot of the kinetic resultS vs temperature that 
there are really very few data for Kj. Also, the results pre- 
sented for this first step are probably the least reliable of 
the four rate constants determined in this research. This 
arises primarily from the fact that all of the faster rate 
constants are based on values of the slower rate constants. 
In the method of analysis employed, (Section IIIA,2) the lin- 
ear portion of the log (A-A,) vs time plot was extrapolated 
‘to zero time. This linear portion represented the slowest 
Step. In the case of the fastest step, 1f£ the reaction was 
run at a temperature high enough to yield a good value for 
the slowest step, the fastest step was so fast that its half 
life was of the same order as the sampling period, and, there- 
fore, was indetectable. Likewise, as a lower temperature, the 
half life of the slowest step was so eae that to follow the 
reaction that length of time was impractical. For these 
reasons, there are fewer data in this report for the fastest 
step than for the others; and except for the results at 25°C 
which agree fairly well with published values, the tempera- 
ture dependence of this first step remains uncertain. 

It should be pointed out that the peculiar value for the 


activation entropy, which for the first step is positive, is 


41 





(°D90g) CUTE 


000’0% 000‘0€ 000‘0Z2 





(8 OT oze squeqAsuod 33eY 
P< dS OO Ss SO 
l 8S° 9°S O° tT 


2uUOTQROR O12 
SATANDSSUOD 3YyA TOF owtyz oF qoedsez YyRTM g puUe 


‘q ‘95 ‘q ‘w setoeds fo uotzerTQZUSDUOD UT SshueYD 


‘out SA sSuUOTJeATWZUSDUOD 


UuOTRIOV SA SATANOSSUOD FO ZoTd zeqnduod fHoTeuy 


6 ernSTg 


09 


—O8 


OOT 


uoT}#erquSo.UOD wntpetT Ted TetITur Jo ZusorSd 


42 





(°D990S) owTL 
000‘ 0P 000’ 0€— DOL LZ 


—_ 


pq et eg awd 


.. 2S 101 ome sjueqsuOd 937ey4 
—— ————_ -) << 4 *—.._ Vv 

an 9°S 8S" Tang 
UuOTRFOVSA SATINOSSUOD SYR AOF Swtyz- OF Roodsez yyAtm 
q‘q ‘9d ‘q@ ‘WwW saetoseds JO uoTReARZUSsDUOD UT obueugd 


"OWT SA SUOTIeEAZUSDUOSD 
uOTRIOL SAT SATANDSSuUOD FO RoTd zeqnduods boTeuy 





°L omnbty 


0 

OZ 
ty 
OD 
I 
Q 
@ 
s} 

Op ct 
O 
Fh 
t- 
ry 
> 
Gi 
ps 
08) 

09 eo 
se) 
© 
0) 
‘oy 
= 

08 = 
Q 
O 
so} 
Q 
O 
ry 
ct 

OOTR 
0) 
aE 
ae 
O 
s. 


43 





an indication of a problem, 


Since all the other activation 


entropies are negative, and an associative mechanism pre- 


dicts a negative activation entropy. 


The positive activation 


entropy for this step is undoubtably due to the use of a too 


high activation enthalpy. 


The following mechanism is not inconsistent with the rate 


data and activation parameters observed for this reaction 


series, except perhaps for the activation parameters of the 


first step which are uncertain. 


One may consider the square 


planar configuration to be a tetragonally distorted octehedron 


with solvent molecules loosely held in the axial positions. 


The process may proceed as follows: 


OH, OH, 
NH, i NH NH OH NH. : OH 
~N 3slo 5 eens fii t. jm 7 ~ AEaSt 
ra i ye 
NHY i NH, NHS | NHS : NH, 
OH, NH, . NH, 
N se eOHl, NH_- OH, NDS OOO): 
He Pay 2 slow pact! fast *~ pd fast 
NHS : NH, NH; NHS OH, 
OH, NH, NH, 
OH, OH, 
N : OH, OH OH, Oily 
> Pd_ SLOW p. -a fast ie fast 
NHY : OH, NHS \ OH, NH5 an OH, 
OH, 2 “3 
OH . OH 
OND pave” 2 slow i eet ELT rege 2Gagt 
wa faa Hy oo 
NHS ? OH, OH, OHs : OH, 
OH, NH, NH, 
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B. STRUCTURAL CONSIDERATIONS 

In the reaction series with tetraamminepalladium(II) in 
perchloric acid, it has been demonstrated that the diagquodiam- 
Minepalladium(II), formed as an intermediate, exists predom- 
meamctiy am the cis configuratdon [Ref. 20). his is shown by 
adding chloride ion to the reacting solution in which the 
diaquodiammine species is present. The chloride immediately 
replaces the water in the complex and precipitates out as a 
bright yellow solid. Infrared studies reveal the character- 
Boetc absorbtion bands of the cis) isemer. 

It 1S interesting to note that in the reaction of tetra- 
amminepalladium(II) with hydrochloric acid, in which the 
ammonia ligands are replaced by chloride ions, the configura- 
tion of dichlorodiamminepalladium(II) exists as the more stable 
frame 1sOmer [Reft. 8]. The questionenatural lysarises»as to 
what causes these differences. It is known from the studies 
of platinum(II) that there are certain ligands which tend to 
Baetdize the ligand trans to it. "This is known as the “trans 
errect” [Ref. 1]. From the generally accepted order of trans 
iepilazing ligands, @l is greater than NH, “ieee greater 
than HO. The results that the aguation of tetraamminepal- 
Hadaem¢rt) yields a cis intermediate, and chloride gubstitu- 
pon yield a trans intermediate seem consistent with the 
aeeepeed trans G@ifect order. 

ime, to correlate the rate™data for sa particular set of 
related reactions and try to make some generalizations 1s an 


important goal of the research chemist. For example, the 
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previously noted "trans effect" order resulted from the cor- 
relation of much rate data on the reactions of platinum 
complexes. Comparisons of rates of different reactions with 
some features in common give rise to generalizations. Of 
continuing interest is the testing of these generalizations by 
new rate data. Of particular interest to those working with 
Square planar complexes is the effect on rate of the substit- 
ments cis as well as trans to a leaving group. 

fie besappropriate to compare the structural effeéts 
on the rate of a solvent path of a reaction. All the rate 
constants derived in this work refer to the solvent path. 
Consider Table V, the summary of solvent step rate constants, 


where n iS the number of equivalent NH, leaving groups, and 


3 
the rates are given as 10°k. It should be noticed that there 
fee weevoral reactions listed which have the same cis ne1ghborse 
For these reactions one may compare the different rate effects 
Moeeneetrans neighbors. Likewise for reactions with the same 
means neighbors, the effect of different cis neighbors may be 
compared. 

For reactions 1 and 2 the relative trans effect of Cl VS. 
NH, feeaoout 3.3. Comparing reactions 3 and 4, one notices a 
eeans effect of Cle vce NH, Of Jaboutwll.3y.-Using@ehenmimakescon -— 
stant given by Poe and Vaughan [Ref. 21] for this step at 25°C 
u=5. One may also compare reactions 6 and 7 for the relative 
trans effect of NH, vs. H.0 and, obtatm a factor orf 977. Thus 


for a trans effect, the relative order Cl greater than NH, 


greater than H.0 is again observed. 


46 





A cis effect may be observed for several reactions. 
Considering first reactions 2 and 8 it can be seen that one 
Ecsecl deactivates the reaction relative to one cis NH, 
ligand by a factor of about ee) eee in reactions 3 and 8 
for the same ligands one finds a factor of 100. In reactions 
Peamd 42 one observes a cis deaetivation of two er vs. two 
NH, of about 150. If one compares reactions 2 and 3 one will 
observe the cis deactivation of two ols (Gill vs two cis NH, 
of 400. It may also be determined that in reactions 5 and 7, 
an H.0 Prgamad Cis to Ehe Weaving group deactivates the reae- 
tion relative to an NH, group Gis by about 3. Giimcreac, the 
@@e@parison Of equations 1 and 6 indicates a cis deactivation 
ong H.,0 vs NH, Oemeec., 10 Cia cltcet. “Unuseene se Leovles 
Veaild seem to indicate a cis group deactivation order of Cl 

> | H. 0 | Zs NH 3. However, there seems to be quite 
a range of values for the deactivation by cis ligands, for 
mole, the observed values for cis deactivation of Cl vs 
NH, of 3.8 in one casSe and 100 in another. This could indi- 
cate that this may not really be an adequate basis for deter- 
fmemgeis ertects, or that seme of the rate constants may be 
an error. 

MSeaurempe tO syStematize the relative trans and cis 
effects of various ligands in the substitution of Cl in the 
chloroammineplatinum(II) series, Tucker, Colvin and Martin 
[Ref. 22] have used the empirical relationship k /n=x (y)™ (2) P 
where n is the number of equivalent leaving groups, m is the 
number of NH. ligands trans to the leaving group, p is the 


5 
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TABLE V 


SUMMARY OF SOLVENT STEP RATE CONSTANTS 


No. Reaction n 
Le Pd(NH,)4 + HO 11.¢ 4 
Pd(NH.) .OH2* 
Sy 35 - 2 
+ 9.0% 
PeeeradH-).cl + H.9o ——% 1 
a2 D 
oa 
trans Pd (NH,) ,0H,C1 
3. Pa(NH,)Cl, + H,O 023, 1 


3 2 
Pd(OH,)C1, 


037° 
4. trans-Pd(NH,).Cl. -- HO a 


trans-Pd(NH.) (OH,)C1, 


5. Pd(NH,) (OH,) 5” + HO ee 1 
Pd (OH) 4 

6. Pd(NH,) OHS” + H,0 Eres 2 
cis-Pd(NH,) ,0H2* 

7. cis-Pd(NH,),(OH,)5° + H,0 +23 2 


a 
Pd (NH) (OH,) 3 





Gre ference Pai. 


PRe ference [18]. 
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TABLE V--Continued 


No. Reaction n ee eee SOE 
trans cis 
: 4.8” - 


Pd (NH) C1,0H, 
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number of NH, iegands cis te the leaving gromp and X,; Y, and 

Z are empirical constants. Reinhardt and Monk [Ref. 23] have 
used a Similar equation former cis cnewemeans Effects in 
reactions of the chloroammine series of palladium(II1). a similar 
equation may be used to try to correlate the rates of the 
reactions in Table V. 


Such an equation may be given as: 


k/n = 0.03x107*(0.5)™(15)P(0.05)° (10) 2, 
where n is the number of equivalent NH, leaving groups, m is 
the number of NH, GEOups Gawans towene leaving croup; p, the 
number of NH. groups cis to the leaving group; o, the number 
of H,0 groups trans to the leaving groups and g the number of 
-H,0 Ssoup>s Cis to the leaving group. All of the wate con- 
stants fit this equation to within about 20% except that given 
mi rea@etion 8, for which thus seueiniven predicts 0.45x107°. 

Thus it may be seen that in reactions involving chloride 
tam @iese 15 a profound cis effect, whereas in reactions not 
involving chloride ion there is less of an effect due to the 
Pieemeignbor, amd the trams effect predominates. This infor 
memremsindiecates that perhaps the cis effect 1s the result of 
Meemarge Om the cis neighbor. All the reactions in Table V 
Heeminvelvyang chloride ion should exhibit no charge effect, 
whereas reactions involving chloride ion may exhibit such an 
Sweeece., §eic and trans effects are summarized in Table VI. 

Further information in this area could be obtained from 


looking at the reverse series of reactions, starting with 


tetraaquopalladium(II) lon and determining the rate constants 
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TABLE VI 


SUMMARY OF CIS AND TRANS EFFECTS 


trans Effect 


Reaction Pair -Table V Groups Involved Activation Factor 





a, 2 Gig vs NH, 3.3 
3,4 Ci) vs NH, 13 
on? NH, vs H,O 9.7 


‘cis Effect 


Reaction Pair -Table V Groups Involved Deacmiayation aceon. 
25:8 1cl vs INH. 3.8 
3,8 1Cl vs 1NH, 100 
Ng! ye vs 2NH, 150 
253 ; 2Cl vs 2NH, 400 
3, / 1H,0 vs 1NH., 3 
6 1H,0 vs 1NH, ti 
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of successive ammonation. It would be anticipated that these 
rates would depend on the ammonia concentration and follow 
the usual two term rate law. Insight could also be gained 


as to relative cis and trans effects. 
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APPENDIX A 


ABSORBANCE DATA 


This Appendix contains all absorbance versus — data 
taken during the course of this research. Times for DU data 
are in seconds, while for DK 1A data times are in minutes. 
The data pertains to the following reaction: 


k k _k 
ate | Vin sx 2+ 3 
Pd(NH,) , = Pd (OH.) (NH3) 3 > Pd(OH.) . (NH) 5 = 


2 Ky Dee 
Pd(OH.,) , (NH) ao Pa(OH.,) , 








DU Run -l 

All times i= 2520-6 4 = 300nm 

Scones Pd = .445mM H’ = 1.0M cell = 10cm 

Time Abs Time Abs Time Abs Time Abs 
80 aay, 2900 - 489 6100 S60) 9100 22555 
100 pal 3000 .478 6200 —3 07 9200 aoe 
200 £705 3100 4A 6300 no 4 9300 ne Sie 
300 -841 8200 .464 6400 SSO: 9400 a2 50 
400 ee2 2 3400 - 450 6500 .299 9500 Bs: 
500 .870 3500 .440 6600 <2905 9600 ae 
600 75 3600 485 6700 RISES 9700 ae 
700 a fogs’ 3700 eA 1 6800 293 9900 246 
800 -749 3800 7419 6900 s20L  « 1ORCU0 244 
900 741 3900 -419 7000 -290 10,100 S243 
1000 ial 4000 -408 7100 e287 O20 32-42 
Rey?) .700 4100 -404 7200 2230 10,500 S238 
1200 -691 4300 . 390 7300 o2 65 10 0)0 226 
1300 "675 4400 5 Sy SET 7400 2262 10,900 DS 
1400 2G 58 4600 .376 7500 .279 I A OON8, Aes 
1500 -645 4700 Psy) 7600 oe IL Se 2250 
1600 .635 4800 25162 7700 P26 A, .087 
1700 -620 4900 aC on 7800 <2 

1800 56.077 5000 - 356 7900 -2 nS 

1900 -596 5100 ooo 8000 .269 

2000* .586 5200* .347 8100* .267 


*Continued on following page. 
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Time 


2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 


Abs 


e/ 1 
-960 
DU 
<2) aie 
Beas: 
5 6 
ao) / 
-499 


Time 


5 300 
5400 
5500 
5600 
9700 
5800 
5900 
6000 


Abs 


~341 
- 340 
334 
334 
~324 
ee 
+ 3 
« S80 


Time 


8200 
8300 
8400 
8500 
8600 
8700 
8900 
9000 
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Abs 


e26/ 
-266 
-264 
wZO2 
BZA SMU 
-260 
«2010 
-256 


Time 


Abs 





- 
Ea 


All times in seconds 


Time 


50 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
200 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 


Abs. 


. 800 
ao 
. 780 
» 1 BO 
ae oS. 
~ 741 
rey (9, 
Bey. Ih 
o HOW) 
-688 
GWT 3 
662) 
~645 
65 
62 2 
Cul 
- 6010 


- S10 
a6 
~566 
. 35 
945 
282 
« Jem 
A Al Jb 
on en i 
-493 
~485 
~475 
~467 
- 460 
-451 
-443 
-438 
A il 
~424 
-418 


Time 


3700 
3800 
3800 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5ae00 
Sano 
5300 
5400 
5500 
5600 
5700 
5800 


5900 


6000 
6100 
6200 
6 300 
6 400 
63100 
6600 
6700 
6 800 
6900 
7000 
7200 
7200 
7300 


DU 


Zoe 7e 
~-445mM 
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Run—2 


2m 
:2) 


300nm 
LOM 


Time 


7400 
7500 
7700 
7800 
7900 
8000 
8500 
9000 
9500 
10,000 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
17,5010 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21 A000 
21,500 
22,000 
22,500 


cell 


10cm 





e259 


-240 
256 
‘232 
22s 
:225 
on 
. 2 
VALS) 
- 2a 


- 203 


- 205 
2103 
- 2 ONES 
- 2000 
ApS 7/3. 
-1945 
«LZ 
« MOO 
L870 
- 1840 
- Loe 
- LEO 
LEO 
tere) 
wL650 
-0940 





All times in seconds 


Time 


50 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
ro 9 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 


4000 . 


Abs. 


70 
BS, 
~/54 
- 748 
- 150 
- HBO 
aro 
- 709 
Ono 
-684 
Als) 7/as 
oOo 
.648 
.634 
6121 
s6ae0 
-600 
-589 
A) TE 
Reais) 
0 
Rus 
~534 
024 
mails 
<5 
-496 
-488 
wa 9 
471 
-463 
~458 
~449 
~441 
-434 
~429 
~422 
~416 
-409 
-403 
-3 26 


DU Run-3 





= 2a C 

= 5.33mM 

Time Abs . 
4800 cosy 
4900 358 
5000 346 
5100 342 
5200 a7 
2 S00 335 
5400 > Sell 
S100 - 323 
5600 PRS 
5700 oa 
5800 Beis) 
5900 35 
6000 «eZ 
6100 . 308 
6200 305 
6300 SiO: 
6400 Sian 
6500 Zo, 
6600 22> 
6700 ~293 
6800 291 
6900 -288 
7000 .286 
TEOO -284 
7200 e272 
7300 2010 
7400 Cala 
7500 ~2uD 
7600 ~274 
7700 ie 
7800 242 
7900 270 
8000 VA | 
8100 266 
8200 25 
8300 263 
8400 7x.) AL 
8500 -260 
8600 27 
8700 258 
8800 ZG 
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3 


300nm 
1.0M 


Tame 


9600 
9700 
9800 
9900 


4100 
4206 
4300 
4400 
4500 
4600 
4700 


8900 
9000 
9100 
2200 
9300 
9400 
9500 


cell 


10,000 
OF LOO 
10,500 
iio 00 
11,500 
42,000 
eZ 00 
13,000 
i 700 
14,000 
14,500 


lcm 


Abs. 


~245 
-244 
-243 
~242 
2 
-240 
-236 
cou 
zie 
6225 
= 2 
; 20 
~20 
o20e 
#20 


- 330 


«225 


Pa 115319, 
Eo) 3) 
370) 
25016 
2362 


2255 
~254 
2255 
A 5 Al 
-250 


~247 





All times in seconds 


Time 


3 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
100 


All times in 


Time Abs. 


100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 


Abs. 


~895 
Ss 
- 860 
Pa 
-820 
-800 
- 185 
. /68 
750 
~1 35 
1 1 
- POEL 
- Oe 
692 
-660 
-640 


830 
soa 
Aros) 
7oLO 
- 800 
a) 2.5: 
- 182 
oe 
3 ioe 
ie 


DU RUN—4 
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Te 2 oS r 
Pd = .445mM at 
Time Abs 
1600 630 
1700 618 
1800 608 
1900 595 
2000 581 
2100 570 
2200 560 
2300 550 
2400 539 
2500 580 
2600 520 
2700 510 
2800 -500 
2900 491 
3000 482 
3G0 LAWS 

DU Run—-5 
T, = 2em0° Cc r 
Pd = .445mM i sl 

seconds 

Time Abs. 
1100 744 
1200 ~ 1/35 
1400 ; Jie 
1600 -692 
1800 -672 
2000 .654 
2400 -616 
2800 2563 
3000 -569 
3500 oo 


300nm 


om 


cell 


Time 


3200 
3300 
3400 
3500 
3600 
3700 
3800 
3200 
4000 
4100 
4300 
4400 
4500 
4600 
4900 
5000 


305nm 


1.0M 


cell 


Time 


4000 
4500 


5000 


5500 
6000 
6500 
7000 
8000 
9000 


10,000 
12,000 


— 
— 


10cm 


Abs. 


-468 
-460 


~-445 
~-439 
-422 
~-428 
~421 
~415 
~410 
~3 93 
oe 
«3am 
» Jom. 
~369 
~ 365 


10cm 








—= 
— 


ZOO IC 
~-445mM 


All times in seconds 


Time 


75 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
700 
1200 
00 
1400 
> 00 
1600 
1700 
1800 
o'O'0 
2000 
ZOO 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 


Abs. 


. 186 
Br S10, 
Pe lisy 
800 
802 
804 
810 
- 810 
- oan0 
-805 
-803 
- 802 
- 800 
ESS) 
- a9 
~ 781 
Re 2 
« 10 
=| / all 
<9 
- 150 
«ae 
. 136 
270 


7 2 
21109 
. 700 
ee 
-685 


Time 


3000 
SON 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 


4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 


* 5000 


OG 
5200 
5 S000) 
5400 
ay0)0) 
5600 
5700 
5 800 


Run-—-6 


Abs. 





-6 80 
-670 
-665 


-650 
~642 
+639 
Bs Sil 
-628 
~62:0 
mos LS. 


260 
-6U5 
-600 
~ore 
so 
eS) a4 
DOU 
A) 7 IE 
eS) 10, 
A )0)) 
5). 8) 0) 
<250 
55S 1h 
-549 
~545 
2540 
-3 58 
Rais dk 


310nm 
1.0M 


Time 


5900 
6000 
6500 
7000 
7500 
8000 
8500 
9000 
7500 
10,000 
O20 0 


Lie 000 
11,500 
12,000 
27500 
a 00 
He 16) (0) 
14,000 
14,500 
7000 
i 0 0 
16,000 
16,500 
17,000 
1 0 
18,000 
18,500 
15,00 
gle 50). 0) 


cell 


10cm 





Be) 210) 
~524 
so09 
~-495 
-481 
~471 
-461 
~ 454 
-446 
-438 
,o5u 


.426 
.420 
.414 
.409 
.404 
398 
er 
387 
383 
"875 
375 
.370 
. 366 
aon 
358 
355 
Ss 
348 





At 
Pd 


2Ziarn0 


tt 


DU 


(e 


= .445mM 


All times in seconds 


Tanne 


0) 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1006 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 


Abs. 


- 130 
-/34 
- 740 
~ 747 
- 130 
«eau 
~ (gO 
. ow 
- (So 
57/350) 
- 1/48 
~ 1/45 
~/41 
- 30 
. 13am 
. 729 
2/24 
Pa As 
57 AE 
a 2, 
7 00) 
OD 
-690 
Bs .8\74 
Lod) 
-670 


Time 


2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4206 
4300 
4400 
4500 

. 4600 
4700 
4800 
4900 
5000 
5100 


5) 





2942 
-540 
AS) S)5) 
8) a1, 


310nm 


1.0M cell 


Time 


5200 
5300 
5400 
5500 
5600 
5700 
5 800 
5900 
6000 
6100 
6200 
6 400 
6500 
7000 
7500 
8000 
8560 
9000 
e)ayi0) (0, 
10,000 
10,500 
11,000 
L100 
12,000 
£27200 
13,000 


10cm 


Abs. 


.322 
a6) 
sone 
¢ oe? 
Res, 10) 
-906 
. 0m 
.900 
-496 
~491 
-489 
-481 
-480 
-465 
~452 
-440 
2430 
420 
-412 
- 406 
“soe 
meio) dL 
- 386 
- 384 
Zoid 7 
ono 





T 
Ba 


2520. 


DU Run-—8 


Cc 


5 .33mM 


All times in seconds 


Time 


28 
100 
200 
300 
400 
500 
600 
700 
800 
e100) 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 


Abs. 


- 246 
Zee 
- 320 
~354 
- 00 
- 420 
-450 
- 480 
A) 110) 
-534 
-560 
-584 
. GID 
«OZ 
-643 
- GiGiO 
Oo 
Bs) hs) 
- 7220 
ota 


Time 


2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 


60 





.824 
. Sar 
.840 
- 848 


. 80/0 
Brisilo: 
. 070 
. 878 
Ro) 30) 
Aa sis fe) 


340nm 
1.0M 


Time 


4000 
4100 
4300 
4500 
4900 
5000 
5300 
5500 
6000 
6500 
7000 
7500 
8000 
8500 
9000 
9500 


cell 


10,9090 
10,500 
11,500 


lcm 








DU Run-9 


all 
Pd 


250. (C d 
9. 33mM H 


360nm 
1.0M cell = lcm 


All times in seconds 


Time 


40 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
130 0 
1400 
50:0 
1600 
1700 
1800 
rae 0 
2000 
2100 
2200 
23500 
2400 
2500 
2600 
2700 


Abs. 


mS 
~142 
~ 164 
- 186 
207 
250 
ys 8 
a 2u 
2S 
Ree) LY 
«50 
. 30 
- 369 
- oe 
~403 
~ 420 
-436 
~454 
-467 
~481 
-498 
- SEO 
ee 
Ris) 5s: 
0 
-560 


oe 


2300 


Time 


2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
32700 
4000 
4100 
4300 
4500 
4900 
5000 
5 300 
5500 
6000 
6500 
7000 
7500 
8000 
8500 
9000 
9500 





35 
605 
-614 
-624 


-647 


73S 


. 800 


oneal 
sol 


Time 


10,000 
10 0 0 
11,000 
ee, 00 
12,000 
12,500 
137000 
ieyo0 0 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
Lo 
17,500 
18,000 
18,590 
19,000 
137, S10 
20,000 
20,500 
215, O10 
215, Sao 
22,000 
22,500 


Abs. 


. 800 
800 
-ou0 
- 800 


~ 798 
12s 
794 
- Poa 
- fae 
. ioe 
. Toe 
13s 
. 7 one 
- 7 one 
- 180 
Bey i) 7) 
1S 
« fe 
- vag 
- 768 
- 162 
. 1es 
« 16:2 
- Jo 
. 160 





Jt 
Pd 


SOs 0) 


S - 33am 


All times in seconds 


Time 


60 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1660 
1700 
1800 
OO 
2000 
ZO 0 
2200 
2 300 
2400 
Zi 00 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
S010 
3400 
3500 
3600 
57 00 
3800 


Abs. 


. oS 
- 20 
oz 
- See 
-469 
~427 
39 
ei 710 
32 
Re oe 
= Seg 
- 304 
2a 
Ae |S 
« 26 
~256 
24 

250 
« 2 
Fi IAI 
-214 
207 
~ 2008 
. Fg 
oS 
« 1S 
7 


= ee 


Ped 815) 2) 
tao 
- 160 
So 
~154 
-150 
- 146 
-144 
~141 
mL Sits: 
Es 6 


Time 


3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 
5 300 
5400 
5500 
5600 
5700 
5800 
5900 
6000 
6100 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 
7500 
7600 
7700 


DU 


g 


62 


Run—10 


Abs. 


. dee 
30 


6 

© 
\O 
Sy) 


~0945 


® 

© 
\O 
W 


-0885 
-088 

~-0875 
-0570 


310nm 
1.0M 


Time 


7800 
7900 
8000 
8100 
8200 
8300 
8400 
8500 
8600 
8700 
8800 
8900 
9000 
9100 
9500 
10, GoI0 
Oy, Se 
LL, 0s 
Tie, Sur 
12, 0810 
IZ, S00 
3, 000 
13, 200 
14,000 
14,500 
is , 000 
15,500 
16,000 
Lé , 300 
17 , GOO 
Ly, old 
18, 080 
£37 3010 
NGS) O18 
poy 00 
20,000 
20,500 
21,000 
A 


oO 


cell] 


em 


Abs. 


-0865 
.0860 
~ 06595 
~0845 
0840 
0835 
.0830 
~ 0iS25 
0820 
-0820 
-0810 
~OS05 
-0800 
0795 
-07 50 
-0760 
0740 
~ 0730 
» 0720 
.0690 
-0685 
Pa) =| 7) 
-0660 
0G 5 
~OG55 
-0645 
0645 
0640 
-06 35 
~0630 
- 06350 
0625 
0625 
0625 
06725 
0625 
- 01625 
0625 
05668 





DU Run—ll 





TY =45020- "Cc A == 320nm 
Pd = 5.33mM H’ = 1.0M cell = lem 
All times in seconds 
Time Abs. Time Abs. Time Abs. 
35 . 700 3400 25 6 800 1335 
100 ~789 3500 «205 6900 E325 
200 285 3600 -2065 7000 35 
300 ~ 706 3700 22025 7100 - 130 
400 . G42 3800 .199 7300 1275 
500 7o03 3900 1955 7500 255 
600 - 5690 4000 , £92 7700 1235 
700 5 36 4100 -189 8000 e205 
800 75180 4200 . 1855 8500 - 116 
900 484 4300 . be 9000 ae 
1000 - 460 4400 179 9500 ~ £085 
1100 44 3 4500 1765 10,000 2 L055 
1200 ~-424 4600 wey 3 10,500 LOS 
1300 -406 4700 splay 2 11,000 s O05 
1400 - 390 4800 1695 gO 0 -098 
1500 sre 4900 - 1670 12,000 -0955 
1600 oro 5000 «BG 1500 .0945 
17900 . oe 5100 1625 a0 0:0 .093 
1800 355 5200 S95 eb 00 O91 
1900 a5 5300 ous 7 0 14,000 .090 
2000 314 5400 55 14,500 .088 
2100 310 3 5500 aS 4 T5e0 0'0 .0875 
2200 295 5600 eS 1 Toes OO 086 
2300 287 5700 21S 0 16,000 -085 
2400 we] 5800 1485 16,500 -045 
2500 2/0 5900 ~1475 18500 -082 
2600 02 5 6000 eS) 19,900 Ook 
2700 ~2545 6100 . ee 19,500 -O019:05 
2800 ZA75 6200 «4? 0 20,000 -0805 
2900 Sez 6300 eae 15 20,500 -0800 
3000 255 6400 -140 21,000 -0800 
3100 oul 6500 -138 21,500 7079 
3200 e225 6600 37 22,000 -0780 
3300 a2 0 6700 ss 5 23,500 ~O7 0 
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DU Run—1l2 





T = 55.052€ X = 420 
Pd =5.33mM 4H = 1.0M cell = lcm 
All times in seconds 
Time Abs. Time Abs. Time Abs. 
50 084 1600 2625 3600 2303 
100 lily, 1650 265 3700 .305 
150 - 140 1700 - 266 3800 ~J055 
200 - L516 1750 2675 3900 Pes 109) 
2510 - 169 1800 -2685 4000 - sre 
300 Ses 1350 200 4100 - 3095 
350 . 186 1900 272 4200 ole 
400 . eg4 1950 BY 3: 4300 ole 
450 -198 2000 292 4400 ~ oS 
500 » 23 2200 «275 4500 ou 
5 5'0 oy 2250 -280 4600 «35 
600 - 2a 23500 26 4800 - 316 
650 25 2 35:0 2825 4900 mee. 7 
700 24 2400 284 5000 - 318 
750 222 2450 285 5500 oo 
800 -226 2500 .286 6000 308 
850 ~229 2 550 236 6500 32 
900 262 2600 «2085 7000 2a 
950 ~ 285 2650 -289 7300 ~ 3325 
1000 « 27 2700 - 290 8000 2335 
HO50 .240 2750 2905 8500 . 336 
1100 ~242 2800 ~292 9000 . 338 
1150 244 2850 ~292 9500 . 339 
1200 oan? 2900 296 107000 . 340 
1750 249 2950 ~ 2945 Lo7500 342 
1300 s 251 3000 295 11,000 ~ 3425 
1350 +253 3100 ~296 11500 345 
1400 25 3200 -298 12,000 .sa 
1450 e297) 3300 - 300 12,500 aoa 
1500 22595 3400 ~ B0n , 137000 . 3455 
1550 Ze 3500 - o02 A 352 


64 


oo 





All times in seconds 


Time 


are 
50 
100 
0 
200 
250 
300 
350 
400 
450 
500 
58) 
600 
650 
700 
950 

800 

850 

900 

950 
1000 
1050 
Lt ORG) 
een) 
1200 
2150 
S00 
3 a0 
1400 
1450 
IES OO 
> SO 
1600 
1650 
1700 
e750 


Zh 
Pd 


Abs. 


~420 
-670 
Asia 
2.00 
0 
5 SV 
220 
2200 
880 
700 0 
-840 
. oe 


«7 ae 


- 1a 
. 760 
~ 740 
. /2e 
Rey ii i 
«62 
O7ea. 
-665 
ee. 
-640 
-630 
165: 9 
515 ey 
BS) Shey 
52) hy 
ou 
oo U 
5S inel 
3 
294 5 
AS) os 
<0 
ra22 


DU Run—-13 


55.0° ¢ 
5.33mM 


4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 
5500 


65 


H 


r 
ce 


= 340 
= 1.M 





cell = 


Time 


5400 
5500 
5600 
2700 
5800 
5900 
6000 
6100 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 
years 
7200 
7300 
7400 
7300 
7600 
7700 
7800 
7IU0 
8000 
8100 
8200 
8300 
8400 
8500 
8900 
9000 


lcm 





- oHeZ 
. 310 


~ 305 
. JO 
- 300 
298 
-296 
295 
295 
291 
289 
2c 
2385 
285 
“2o8 
204 
ATES: 
Br a i 
<270 
BAT ps 
-274 
ove) 
Rar Al 
-270 


<262 
GIG 
205 
-264 
A Oye 
262 
W201 
7250 





All times in seconds 


Time 


50 
100 
150 
200 
250 
300 
a 0 
400 
450 
500 
a0 
600 
BO 
700 
720 
800 
850 
900 
250 

1000 
1050 
1100 
ii '0 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
LO 
1800 
1850 
1900 
L950 
2000 
2050 


20.0 


Au 
Pd 


Abs. 


ee et ee ce el oe oe 
k 
fH 


- 960 
~942 
~930 
a920 
.904 
894 
soo 
=e 70 
. 860 
» 850 


-8405 


A icweak 


~8205 


.814 
53) Os 
SDs 
2790 
5 aye 
~774 
-770 
5 one 
yisyAl 
-748 
-740 


II 


DU Run—14 


55. Ogre 
5.33mi 


Time 


2450 
25100 
2550 
2600 
2650 
2700 
2750 
2800 
2850 
2900 
2950 
3000 
3050 
34500 
ok) 
3200 
3250 
3300 
3350 
3400 
3450 
Sap 
S350 
3600 
3650 
37.00 
S750 
3800 
3850 
3900 
3950 
4000 
4050 
4100 
4150 
4200 
4250 
4300 
4350 
4400 
4450 


4600* 


H 


*Continued on following page. 
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350 
iM 





cell = 


Time 


4950 
5000 
S100 
5200 
5300 
5400 


6000 
6100 
6200 
6 300 
6400 
65.00 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 
1500 
7600 
7700 
7800 
7900 
8000 
8100 
8200 
8300 
8400 
8500 
8600 
8700 
8800 
8900 


lem 


9000% 








Time 


2150 
2200 
2250 
2300 
2350 
2400 





~735 
7 30 
ayy Past 


Rey lees. 


OS) 


Time 


4650 
4700 
4750 
4800 
4850 
4900 


67 





Time 


9100 
9200 
9300 
9400 





~45] 
-450 
~449 
447 





All times in seconds 


Time > 


50 
100 
E50 
200 
Pola 
300 
350 
400 
450 
500 
550 
600 
650 
700 
150 
800 
850 
500 
950 

1000 
GSO 
Taley'0 
eS 0 
1200 
L250 
1300 
4350 
1400 


ME 
Pa 


Abs. 


- 840 
- 860 
.oa3 
-781 
- 748 
tl 
Soro. 
S63 


-606 
- S189 
- 269 


2548 


Sow) 
- 216 
yey’ 
-483 
-471 
~459 
-448 
-436 
2425 
-414 
-404 
. Jee 
~300 
sone 
08 


Il 


DU Run-L5 


55.0° c 
5.33mM 


Time 


1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1900 
2600 
220 0 
2200 
2300 
2400 
2500 
2600 
2700 
2900 
3000 
3100 
3200 
3500 
3600 
3700 
3800 
3300 
4000 
4100 


H 


68 


S23 


1.0M 


Abs. 


. 360 
+ 358 
~345 
. 388 
- 332 
325 
sao 
+ 3 
305 
~ 296 
200 
22 
me 1, 
-264 
2a 
«2am 
o 24 
—2e5 
«250 
~ 220 
«27g 
2a 
- 206 
-204 
- 200 
-198 
Ap ees: 
=, Ses 


cell - lcm 





tot 
«187 
« LES 
.184 
-180 
. Le 
« 16 
Lye 
= az 
. UGS 
. Ley 
AS) i 
~1455 
-140 
- ay 
. 3 
- Lae 
. eae 
« deze 
-124 
- E25 
« za 
. L290 
. eae 
- Jee 
ES 
. La 





T 
Pd 


it 


DU Run—16 


62. O° 


All time in seconds 


Time 


50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
55 0 
600 
650 
700 
T30 
800 
850 
900 
IE 

1000 
1050 
1100 
LESO 
1200 
1250 
1300 
1 35:0 
1400 
1450 
50:0 
1550 


Abs. 


907 


= Ome9 
~ 155 
~ 1/04 
2650 
-610 
-569 
-538 
~504 
~475 
-450 
~429 
~-410 
-390 
~374 
ope) 5) 2) 
~ 344 
ooo 
~326 
- Sees 
= 200 
2999 
~269 


e 


282 


275 
BAS) 2, 
-264 
BS, 
Aaa as) 
-2480 
244 


€ 


5.53mM 


Tame 


1600 
1650 
1700 
1750 
1800 
1850 
1900 
ES 50 
2000 
2050 
2100 
PN S 0) 
2200 
2230 
2300 
2350 
2400 
2450 
2500 
Zoa0 
2600 
Zoae 
2700 
2750 
2800 
ZS 
2900 
2950 
3000 
3100 
B20 0 


69 


H 


325 
1. OmM 





~-240 
o 2555 
«2 Saks 
229 
ao 
225 
215 
255 
« Zane 5 
~210 
- 21075 
204 
~ AOS 
~2005 
~ 199 


. LS 
, 3 
- Loa 
. [ee 
. Loe 
. Lee 
- EGO 
«ez 
. USO 
179 
«ey 
. LG 
ae 
mt 
~1704 


cell = 


Time 


3300 
3400 
35010 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5606 
5500 
6000 
6500 
7000 
7500 
8000 
8500 
9000 
9500 


lom 


10,000 
14,500 
167-500 
3 days 





-168 
- EGiInS 
. GS 
~1645 
. ow 
_ a 
. USS 
. SG 
- ao 
~154 
BS 
. Ee 
~1504 
. Le 
~ 1495 
- 1490 
~1475 


A"? 


~L47 
. LAS 2Z 
. Ba2> 
~142 
~ 142 
~141 
. EOS 
. bag 
-140 
-140 
-140 
~ 1420 
~ 1430 
~144 





Ak 
Pa 


DU Run—-l17 


6275." 


C 


5 .33mM 


All time in seconds 


Time 


50 
100 
EO 
200 


ZENO’ - 


300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
500 
DEO 
‘1000 
1050 
1100 
1150 
1200 
1250 


Abs. 


- 2160 


Time 


1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
L750 
1800 
1850 
1900 
1950 
2000 
2050 
2100 
2200 
23:00 
2400 
2500 
2600 
2700 
2800 
2 91010 


H 


70 


325) 
10M 


Abs. 


22 
- 2 
- 2eu2 
- Zions 
« Ze 
+2 
. 255 
-248 
~244 


cell = 


tem 


Time 


3000 
3100 
3200 
3300 
3400 
300 
3600 
3700 
3800 
3900 
4000 


4400. 


4500 
4600 
4700 
4800 
4900 
5000 
55100 
6000 
6500 
7000 
8500 
9000 
LO, 0 


00 


Abs. 


- 186 
- 4835 
- JaoeE 
es 
Lig 


Ra ie 
Petieg 1) 
- 17@3 
~ LoS 


1665 


- GZ 0 
- Gms 
- Lee 
- WBS 
- de 
- ES 
. bay 4 
- 15 
~154 
. ae 
«dia © 
+ Poe 
- eZ 
RLS As 





All times in seconds 


Tame 


50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 


T 
Pd 


Abs. 


892 
Lip 3 
fe ss 
HBG AL dt 


01> 


1.03 
.985 
.950 
.920 
890 
. 860 
.838 
.810 
.791 
. 7A 
£755 
.740 
. 72 
. 7a 
.700 
.685 
.672 
.660 
.650 
.640 
.630 
.620 
.614 
.605 
£597 
590 
£581 
£577 


DU Run—-18 


GSe42 Cc 
5.33mM 


71 


H 


A 
oi 


Jo0 


: aor 


Abs. 


-270 


~485 


~449 








DU Run-—-19 


sly 
Pa 


63—2- 2C X = 350 
5.33mM H = 1.0M cell = lem 


All time in seccnés 





Time Abs. Time Abs. Time Abs. 
50 -965 14a5 0 - 746 2600 -478 
100 Lai 1200 .637 2700 478 
150 Ll. 1250 627 2800 - 466 
200 1.09 1300 -616 2900 e460 
250 1.04 1350 -608 3000 Be sy 7 
300 1.00 1400 -600 3100 2155 
350 96 1600 o Sivek 3200 -450 
400 ~925 1700 . 560 3250 449 
450 -895 1750 + Soe 3300 wae” 
500 . B6uL 1800 -546 3400 443 
550 . 840 1850 Be 3) 3500 -440 
600 ~819 1900 - 5385 3600 —AsF 
650 «19s 1950 -530 3700 -434 
700 2775 2000 525 3800 sal 
750 Pays)" 2050 - 520 3900 -430 
800 139 2 2010 - SaleS 4000 -428 
850 -720 2510 ae 4500 419 
900 -709 2200 ~507 8099 Bs 
950 . .692 22510 «SOM: 9500 ~ 395 
1000 -580 2300 .498 10,000 325 
1050 -670 2400 -490 1s), 00k, _325 
1100 -656 2500 484 25,000 ~ 395 


72 





DU Run-—20 


T =(63.5° € KV =e 00 
Pa = 5.501 wh = 1) Sone colleen icin 

All times in seconds 
Time Abs. Time Absae Time 
50 -280 850 «50 2300 
100 . 360 900 So 2400 
150 -408 950 - Se 2500 
200 438 1000 ay 5) Ik 2600 
250° -460 1100 52 2700 
300 475 1200 >a 2800 
250 -490 1300 552 2900 
400 iO 3 . 1400 « Sel 3000 
450 Sas 1500 . 5505 3100 
500 . 520 1600 5495 3200 
550 . 520 1700 25495 3500 
600 <5 35 1800 . Say 3600. 
650 589 1900 . ae 4000 
700 sak 2000 . 548 4500 
750 as 2100 2541 5000 
800 ~457 2200 - 540 6500 


73 











f 
Pd 


DK 1A Run-21 


38.8 "€ 
5.33mM 


All times in minutes 


Tae 


Abs. 


~ 476 
BS) 2) (2: 
- bel 
PIS) (3) 5 
Bey oy 
- (65 
. /88 
Ry eil, 8 
S825 
Ric cab 
2) 2), 
-oa8 
-830 
“620 
80's 
a 2) 
~ 780 
7G 
~/54 
~742 
eae 
B29) 
7 0 
096 


-6976 
wo OS 
Bl95)5) 
-649 
BO 59 
~630 
Sigmaz 
-'Gale3 


74 


5 
a 





«6.08 
yoy, 


AES) oh 
-504 
-479 
~ 458 
-438 
~419 
-403 
- Jere 
-37) 


-op2 
~341 
oe 
“322 


ono 
aioe 
a7 
«220 
-286 
Zo 
BT Pe, 
< 200 
-264 
sei: 
.258 
~254 
- 250 
-248 
i243 


30 
OM 


cell 


lom 





ST 


-168 


oe 5) 


eo 
Be 





£ 
ea 


DK 1A Run—22 


Boe oem 
5. 33mM 


All times in minutes 


Time 


OMIA N PB WH YH 


bY be 
mNO 


Abs. 


~ 124 
- 730 
1383 
~ 1/25 
-708 
-684 
-660 
-634 
-608 
mee) Tite: 
-540 
~-489 


T 
Pd 


Time 


DK lA Run—26 


aor C 
3. 33mM 


All times in minutes 


Time 


Wow A UB WN F&F 


dl ell we 
NH O 


Abs. 


ri) 


H 


r 
a 


> 
| 


= 310 
a uy 


Abs. 


~ 450 
~421 
-325 
3510 
- aD 
~ 290 
270 
226 
~240 
- 226 
ye ILA 
-200 


396 
1G (ee 


Abs. 


-268 
-200 
Ay iss: 
~294 
- 305 
=) one 
ee LY: 
elk 


~ 349 
Ae 3), 
- 384 
~ 394 


cell 


em 








-405 
«4a 
-416 
~ 425 


435 
439 
“441 


~-445 


~448 


~450 
~-453 





DK 1A Run-23 


Seno € r 
5. 33mM H 


396 
1.0M cell = lcm 


T 
Pd 


All times in minutes 


Time Abs. Time Abs. Time 
1 O52 16 .329 35 
2 Oe V7 . 336 40 
3 -102 18 .on4 45 
4 .128 19 - S48 50 
5 .153 20 . 360 55 
6 Pa, 21 365: 60 
7 199 22 . 370 65 
8 220 23 « Sues 70 
9 206 24 . 382 1S 

10 255 25 . 386 80 

ll 240 26 390 85 

12 285 27 395 90 

13 298 28 399 95 

4 07 29 - 400 100 

HES .319 30 404 LOS 


76 








DK 1A Run-24 


Aq 
Pd 


400 
1.0M cell = lcm 


38.8° C r 
5 .33mM A 


All times in minutes 








Time Abs. Time Abs. Time Abs. 
2 -040 24 226 70 OZ 
4 O75 26 254 75 ses 9 
6 . 5 28 -260 80 - 342 
8 10 30 2269 90 . 349 

10 ers 35 ~202 100 ~356 

12 . Lae 40 291 IEG - 360 

14 - 190 45 ou 2 126 . JS 

16 203 50 - 310 130 . 369 

18 Be ky, 55 mM cLiby, 140 ms) 

210 -228 60 ~s22 

22 27 65 - 329 


77 





py 
Pa 


DK lA Run-25 


2 0° C 
5. 33mM 


wal taemes im minutes 


Time 


Nr 


Abs. 


~724 
8) 
« JeeZ 
- HS 
- 708 
. SBS 
. GeO 
51 5) 74 
-606 
oo 
-250 
- 30 
709 
- 489 
ao 


394 
.344 
AS) ILS 
220 


«20 


78 


~ 
II 


Si Jig’, 
1.0M 


Abs. 


2256 
~240 
20 
. 22 
.200 
» ABEL 


ole 
puis 
~157 
. USO 
. Lai 
21836 
0 
lez 
aeZ.0 
eZ 
a LING 
OG 
E02 


cell = lem 


Time 


145 
50 
155 
160 
165 
0 
175 
180 
ee 
1 
15 
200 
pA Ai0) 
220 
230 
240 
250 
260 








All times in minutes 


Time 


All times in minutes 


Hy 
-- 
= 
O 


WW MON AUB WD 


Au 
Pa 


Abs. 


.615 
. (58 
~824 
«895 
-860 
~843 
~822 
-800 
Bi i: 
~ 150 
- 130 
- 7 190 


Jy 
Ea 


Abs. 


-074 
pall 23) 
Ballon, 
e207 
-240 
Aol 
A ale 
200 
ow 


DK lA Run-27 


DOO eG 
Dro ore 


a0 O° e 
5. Som 


A. - 

ra = 
Tame Abs. 
Ie -690 
14 - OZ 
1s 658 
16 .640 
ay, 625 
18 -610 
19 598 
20 «595 
ZS mone 0) 
30 -482 
35 -449 
40 418 
DK lA Run-28 

A = 396 

+ 
Time Abs. 
10 48210 
jbil 330 
Le 339 
13 - 342 
14 349 
5 354 
16 P3359 
a lise 362 
18 . 364 


de, 





ois 
1.0M 


cell 


cell 


Lem 


Vem 








Ae 70, 
oo 
~ 385 
mee BS Ne: 
-400 
-403 
-406 
-410 
-411]1 





DK lA Run-29 











me = 582.5 > C XA = 300 
Pd = 5.33mM ! = een cell = lcm 

All times in minutes 
Time Abs. Time Abs Time Abs 

2 823 .188 23 084 

4 » 7D a5 eZ 24 ~O0815 

6 .6 48 aS 25 080 

8 . oe .5 .168 26 078 
eo) . eS 2G 2 27 075 
2 -470 is 158 28 072 
4 485 10 es 29 O7e 
1 6 401 uo 144 30 .0695 
es: . SZ 2 . 35 35 -064 
2 ~ S50 13 « L30 40 060 
ie ~-320 14 120 45 O55 
B -280 1S 5 LIS 50 052 
B25 .260 16 EILILG 5S 048 
4 285 NEY; - 106 60 -0465 
4.5 5232 18 - 100 65 ~0445 
5 mer AN 19 .098 70 -0425 
DD <2 2 ~092 75 043 
6 .202 pM .090 80 -040 
6.5 195 Zz -089 


80 





zi 
Ee 


DK lA Run—30 


ee i 
5. 33mM 


All times in minutes 


Time 


rt 


OWoO MON NM & WN FS 


Abs. 


Cc 


Gul: 


360 
1.0M 





- 700 


sOuZ 
-660 
-649 
-636 


Ge 
.605 
.596 





is 


492 
-469 
~449 
- 430 
~412 
-400 
«36g 





DK 1A Run—31 


sl 
Pd 


59 Fe 
5. 33mM ie 


380 
1.0M cell = lem 


All times in minutes 











Time Abs. Time Abs. Time Abs. 

25 sie85 a5 -490 8.5 . 520 
16 92D 5a) .498 9.0 ES Pall 
ies5 noo) si 5) “502 9.5 522 
2.0 -410 6.0 509 10.0 524 
2.5 -440 6.5 y50 Heal -526 
B20 - 460 10) go 2 IL iS25 
o5 ae & 135 -516 iL 3} By 8) 
ae. O - 483 8.0 2519 14 .528 


82 





DK 1A Run—32 














To= Soa. C dh = 400 
Pd = 5.33mM oH =1.M_ cell = lem 
All times in minutes | 
Time Abs. Time Abs. Time Abs. 
5 084 SES 2:90 11 . 338 
1 iss 6 298 12 - 342 
eS . 1keae 6.5 - 303 13 3s 
2 ~205 7 - 308 14 . 350 
ps5 ~226 leas mL a5 358 
3 .240 8. soul 16 ~358 
6,5 2256 Sis > gal 17 358 
4 -266 9 325 18 . 368 
4.5 .276 oF. 5 ~329 19 36 
5 Ry) 10 soo 20 ome 
DK LA Run—33 
T = 59.8° C XK = #420 
Pd = 5.33mM H’ = 1.0M cell = lem 
All tzymes in minutes 
Time Abs. Time Abs. Time Abs. 
1 eo a 13 eng 2 25 2220 
2 -2A28 14 2176 26 2228 
5 2132 E5 -2180 Za s 22s 
4 ~2136 16 ~2184 28 2262 
5 .2140 17 .2188 29 2 2G 
6 lags yal 18 ~2192 30 .22a0 
7 -2148 19 ~2196 52 ~2245 
8 2 US2 20 .22 00 34 .2256 
9 2 S56 20 2204 35 .2260 
10 .2160 22 22208 40 22°60 
Juak .2164 23 OLIN 45 .2300 


8 3 





66247 
5. 33mm 


All times in minutes 


ae 
E 
(D 


* e 


U PP Phe BWWWWWNNNYNYDNPEP RPP 
CONRNOWDNRNODHARNOADANOSO 


DK lA Run—34 


ae. 
Fl 
(D 


OwowWoO WMOONINAOA WWI 
e ® 9 e e 


OCOOOMOMoONoOWouW 


all aol aed aes 
WN 


el ode 
NW > 
Ooo Oo 


17.0 
10 
be 8, 
208: 
210 


C 


Il 








. Lae 


- 156 


~ 1445 
-143 
~141 
~ 1405 
-140 


i eee [es 
e LO 


- 1362 





DK 1A Run—35 





T = 67.6° C is ao! 
Pd = 5.33mM H = 1.0M Cell = lcm 
All times in minutes 
Time Abs. Time Abs Time Abs 
2 . 804 2 a6 ~30l 8.0 139 
vl 682 2 290 S25 134 
.6 596 300 275 9.0 129 
8 ~518 345 250 9.5 122 
LG -460 4.0 250 10.0 120 
2 427 4.5 212 bi. 6 . Lae 
1.4 -398 520 200 12.0 105 
16 - 380 5.5 184 Po20 100 
i. 359 6.0 172 14.6 095 
20 2339 625 162 LSe6 092 
222 O23 7.0 Sel, 16.0 089 
204 7o12 Tes 145 L720 087 
As .059 


85 





All times in minutes 


Time 


lee 
NF OW ONAN Rh WN 


Pa 


Abs. 


- 718 
ry) JL 
-714 
- M05 
G26 
-H7 9 
-660 
689 
- ols 
. 560 
-548 
BS 23. 


il 


mBWWNYNPE ERR PE 
ONODNDVAYIAMN AW 


DK 1A Run—36 


Jacl © 
5 oom 


5 


e e e 


86 


il 


r 
BY: 





-500 
~475 
-450 
~428 
-409 
eh 210 
-oueu 
. 350 
«230 
~249 
o220 
ES 


310 
H = 1.0M 


cell 


KI 
i 
D 


DOO MWDNYNAAMNMN S 
a e e °¢6 6 ee 6 & e J 
OMNONONOMNOMNS WN 


— 


lcm 





o Las 





£ 
Pa 
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